Summary
In experiments designed to examine interactions between pyridoxine (PN) and food components, PN was found to be converted into an unidentified compound in the presence of the homogenates of various plant foods under mild conditions. The formation of the com pound tended to be higher when food samples had a higher ascorbic acid (AsA) content. The reaction was neither thermal decomposition nor photodecomposition. Vitamin B6 is present in a wide variety of foods. Food processing and storage reduce the content of biologically available vitamin B6 in animal foods and dehydrated model food systems (1) (2) (3) (4) (5) (6) (7) (8) . This effect is attributable to decomposition of vitamin B6 or to interactions of vitamin B6 with proteins, amino acids and reducing sugars to form complexes of limited bioavailability. The interaction of pyridoxal (PL) or pyridoxal phosphate (PLP) with cysteine and sulfhydryl groups of proteins is proposed as a mechanism for the loss of vitamin B6 in heat-sterilized milk (9-11) . Gregory and Kirk (6, 12) showed reductive binding of PL or PLP to the E-amino groups of lysyl residues of proteins. They found the occurrence of its reaction product, which has only partial vitamin B6 activity, in some processed foods (13) .
Reduction in the vitamin B6 content during food processing and storage has also been reported in plant foods (3) (4) (5) 14) . Since vitamin B6 in plant foods is known to occur mainly as pyridoxine (PN) and its bound forms (15) (16) (17) (18) , a lowering of the vitamin B6 content should be due to a reaction(s) different from those described in animal foods. For the present, there are no available papers concerning the mechanisms of PN loss in plant foods. In model experiments designed to examine this point, we have found that PN is converted into an unidentified PN derivative in the presence of certain food components, especially ascorbic acid (AsA). This paper describes the details of this reaction and identification of the compound as 6-hydroxypyridoxine.
MATERIALS AND METHODS
Materials. P-cellulose was purchased from Serva Co., Dowex 1X4 from Dow Chemical Co., and Shodex HC-125S resin from Showa Denko K. K. A vitamin B6 depleted basal medium for microbiological assay using Saccharomyces carlsber gensis 4228 (ATCC 9080) was obtained from Nissui Pharmaceutical Co. Deuterium oxide, dimethylsulfoxide-d6 and tetramethylsilane were products of E. Merck. Other reagents were obtained from Nakarai Chemicals Ltd., and food samples were obtained from markets. Isolation of the PN derivative At all the isolation steps, the PN derivative was detected by its fluorescent spot on paper chromatograms using the solvent system of 1-butanol/pyridine/water (6/4/3, v/v/v). Identification of the PN derivative The PN derivative failed to give the Gibbs color reaction with 2 , 6 dichloroquinone-4-chloroimide. This reagent couples with PN , but not with NV methylPN, at the p-position to its free phenolic hydroxyl group to give a colored N-methylPN, 3-O-methylPN and PN N-oxide (23) . A bathochromic shift observed in 0.1N NaOH indicated that the phenolic hydroxyl group of the PN derivative was unsubstituted. Figure 6 shows the PMR spectrum of the PN derivative. The signals were assignable to some protons of PN: b 2.08ppm (C2-H3), 4.40 (C4'-H2) and 4.58 (C5, H2). The signal of C6-H of PN at about 8ppm (24) was undetected, showing that the compound was 6-substituted PN. The substituent should contain proton(s) ex changeable with deuterium of D20 as solvent, because there were no additional signals in the spectrum. 8 ).
The MS spectrum of the PN derivative afforded conclusive evidence for the structure: molecular ion at m/z 185 (Fig. 9) . Conversion of PN into 6-hydroxypyridoxine proceeded with oxidation of AsA, and was negligible under anaerobic conditions. Thus, this conversion was presumed to be due to hydroxylation on C-6 of PN by the hydroxyl radical which is known to be produced by AsA oxidation. It is very probable that PN conjugates in plant foods are also subject to this reaction.
6-Hydroxypyridoxine had neither vitamin B6 nor antivitamin B6 activity for S . carlsbergensis. From these results, we inferred that hydroxylation of PN and the PN moiety of PN conjugates in the presence of food components, especially AsA, caused the loss of vitamin B6 in plant foods during food processing, storage and cooking.
